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INTRODUCTION
The use of semiconductor detectors has increased in radiotherapy practice since the early 1980s due to mainly their fast processing time, small sensitive volume and high relative sensitivity to ionizing radiation [1] . Other major advantages of Si devices are excellent repeatability, good mechanical stability, high spatial resolution and the energy independence of mass collision stopping powers ratios (between silicon and water for electron beams with energy from 4 up to 20 MeV) [2] . However, ordinary silicon devices, widely used as a base material for radiotherapy dosimetry, present as a major drawback low radiation hardness, being very prone to radiation damage effects [3] . In the last years, the development of radiation tolerant silicon detectors for High Energy Physics experiments has overcome this drawback. The dosimetric characteristics of two types of these rad-hard devices, produced by the Standard Float Zone (FZ) and the Magnetic Czochralski (MCz) techniques, have been investigated in our group in both radiation processing [4] and clinical electron beam dosimetry. In this work we present the preliminary results obtained with rad-hard Standard Float Zone (FZ) and Magnetic Czochralski (MCz) silicon diodes as on-line clinical electron beams dosimeter.
MATERIALS AND METHODS
The diodes used were manufactured by Okmetic Oyj (Finland) and processed by the Microelectronics Center of Helsinki University of Technology in the framework of the CERN RD50 Collaboration. The n + -p-p + junction devices used (area of 25 mm 2 ) were made on Si wafers of 300 μm thickness. The diodes were housed in PMMA probes designed to operate without bias voltage in the direct current mode. The frontal layers (n + ) of the devices were connected to the input of a Keithley 6517B Electrometer and the back side (p + ) was kept grounded. During all measurements, the diodes were held between PMMA plates, placed at z ref and centered in a radiation field of 10 cm x 10 cm, with the SSD kept at 100 cm. The devices dosimetric responses were evaluated for 6, 9, 12, 15, 18 e 21 MeV electron beams from a Siemens KD2 Radiotherapy Linear Accelerator, located at Sírio-Libanês Hospital. The responses of the diodes, for each electron beam energy, were registered as a function of the exposure time during 60 s for a fixed 300 MU. To study the short term repeatability of the FZ and MCz diodes, 5 consecutive current signals were registered for the same radiation dose around of 3.00 Gy. Measurements were performed with an average dose rate of 5.0 cGy/s for the electron beams energies of 6, 9,12,15,18 and 21 MeV.
After each step of irradiation, when the beam was switched off, the leakage currents of the diodes were measured to monitor possible radiation damage effects. The doseresponse curves of the FZ and MCz, i.e, the charge released (obtained via integration of the signal current) as a function of accumulated dose in the range of zero up 93.28 Gy were also studied.
RESULTS AND DISCUSSION
The dynamic current responses of the FZ and MCz diodes under irradiation with electron beams within the energy range of 6 MeV and 21 MeV were investigated. The results obtained in this energy interval evidenced that, for the same average dose rate of 5.0 cGy/s, the current signals are very stable and repetitive in both cases. This can be seen in Fig. 1, which shows the 5 signals consecutively registered during 60 s with the diodes under 21 MeV electron irradiation. For all energies, data show good instantaneous repeatability of the diodes, characterized by coefficients of variation (CV) in the range of 0.5-2.8% and 0.6-2.5% to FZ and MCz, respectively. However, the diodes showed a dependence on the electron beam energy which is shown in Fig. 2 , where the mean current, normalized by the dose rate are presented for each electron beam energy. The current induced in the diode decrease with the electron energy, but even for 21 MeV, the current signal was almost five orders of magnitude higher than the dark current of the diode (≅ 0.25 pA), acquired after each step of irradiation when the beam was just switched off. For this reason, the dose response curves were provided separately for each electron beam energy investigated. The results obtained show that the dose-response curves are quite linear for both diodes as can be seen in Fig. 3 and 4 . Charge sensitivities are better than 0.55 μC/Gy and 0.68 μC/Gy to FZ and MCz respectively, showing that MCz diode is more sensitive than FZ diode. However, it still remains to be investigated the origin of the strong energy dependence observed on the electron beam energy for both devices. Such studies are under way.
